troke and dementia are inter-related conditions, and each increases the risk of the other. 1 We have previously shown that risks of dementia in the first year after stroke are dependent on case-mix and that baseline selection criteria used in previous studies result in underestimation of stroke-associated dementia. [2] [3] [4] Bias may also occur in longitudinal studies as a result of selective loss to follow-up, 5, 6 and such factors may result in underestimation of the true dementia risk after stroke.
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troke and dementia are inter-related conditions, and each increases the risk of the other. 1 We have previously shown that risks of dementia in the first year after stroke are dependent on case-mix and that baseline selection criteria used in previous studies result in underestimation of stroke-associated dementia. [2] [3] [4] Bias may also occur in longitudinal studies as a result of selective loss to follow-up, 5, 6 and such factors may result in underestimation of the true dementia risk after stroke. 7 A better understanding of the effect and reasons for attrition on the measured risk of dementia after transient ischemic attack (TIA) and stroke is required for planning clinical trials and large pragmatic studies and for calculating the true cognitive burden of symptomatic cerebrovascular disease.
We undertook a longitudinal population-based study of cognitive outcomes to 5-years after all TIA and stroke to determine the effect of attritional factors (death and loss to follow-up because of refusal or loss to contact) on case-mix and measured dementia risk. Dementia diagnosis was made by study interview in available patients and their informants and by indirect follow-up using hand-searching of primary care and hospital records for nonavailable patients.
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events occurring within a defined population of 92 728 covered by 9 primary care practices in Oxfordshire, United Kingdom. 8, 9 The study was approved by the local research ethics committee. Informed written consent (or assent from relatives) was obtained for study interview, for face-to-face and telephone follow-up, and for indirect follow-up using primary care physician records, hospital records, and death certificate data. Where patients died before first assessment or where assent from a family member could not be obtained in patients lacking capacity, the ethics committee approved review of the patient's medical records.
The study methods have been described in detail elsewhere. 4 Patients were ascertained after index TIA or stroke by study clinicians through a combination of hot and cold pursuit. 10 TIA and stroke were defined clinically by world health organization criteria.
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Major stroke was defined as National Institutes of Health Stroke Scale (>3). Baseline brain and vascular imaging was performed, and all cases were reviewed by a senior vascular neurologist (P.M.R.). Leukoaraiosis was defined as absent, mild, moderate, or severe as described previously. 12 Patient data were collected by interview using a standardized form and from general practitioner records. 8, 9 Risk factors were recorded at study entry. Functional status was assessed using modified Rankin 13 and Barthel 14 scores. Follow-up interviews were done by trained research nurses at 1 and 6 months and 1 and 5 years either in the outpatient clinic or by home visit where hospital clinic visit was not possible. Telephone follow-up was done when face-to-face follow-up was not possible (eg, because the patient had moved away from the area).
Cognitive testing was done at all follow-ups using ≥1 of minimental state examination, 15 telephone interview for cognitive status, 16 and Montreal Cognitive Assessment (MoCA) 17 ; all of which have [18] [19] [20] [21] For telephone testing, the telephone interview for cognitive status 16 or telephone MoCA (of 12) 21 was used. Reasons for lack of study interview were recorded. Dementia was defined as pre-or postevent according to whether the diagnosis was made before or after the index event. 4 Postevent dementia diagnosis was made as described previously 4 and required mini-mental state examination<24 22 and remaining <24 for all subsequent follow-ups or MoCA<20 23 or telephone interview for cognitive status <22 21 or T-MoCA<9. 21 For subjects with an incomplete test (ie, testing was done, but there was a problem such as dysphasia, visual impairment, and inability to use the dominant arm), individual patient scores were reviewed: patients with cognitive scores above cut-off were designated as no-dementia. For those with scores below cut-offs, the entire clinical record was reviewed including that from primary care to determine whether the DSM-IV criteria 24 were met thus avoiding patients being spuriously classed as impaired on the basis of a low cognitive score. For patients without a direct study assessment, postevent dementia was diagnosed if there was a recorded diagnosis of dementia in the primary care record or if the DSM-IV criteria were met after hand-searching of the entire primary care record including individual consultations, hospital clinic letters, discharge letters, and notes by a senior study physician/geriatrician (STP) with expertise in dementia or dementia was listed on the death certificate.
Statistical Analysis
Differences between dead and surviving, assessed and nonassessed patients were compared using ANOVA or χ 2 test as appropriate. Lossto-follow-up was examined relative to the number of patients consenting or assenting to study follow-up at baseline, baseline selection bias having been considered in a previous study. 4 At each follow-up point, reasons for nonassessment were recorded as death, declining study or loss to contact or failure to attend/respond to invitation for study interview. To examine the effect of patient nonavailability for clinic follow-up on measured rates of postevent dementia, we calculated the cumulative rate of postevent dementia for the whole cohort and then after exclusion of those whose dementia diagnosis was made (1) on primary care searches (2) after a telephone follow-up, and (3) after a home visit. Figure 1 ) of which 992 (80.1%) were first-ever events. Only 26 in 1236 patients declined medical note/primary care record review resulting in study interview or consent/assent to indirect follow-up for 98% of patients.
Results
Forty-seven patients died before ascertainment, 144 in 1236 (11.6%) had died by 1 month and 527 (42.6%) by the time of 5-year follow-up (Figures 1 and 2 ). Death within the first month and thereafter was more likely with older age, prior functional dependency, pre-event dementia, and major stroke (all P<0.05). As a result, there was a change in the proportion of minor versus major events in survivors compared with the baseline cohort: at baseline, 370 in 1236 (30%) of the cohort had major stroke compared with only 244 (22%) of 1-month and 117 in 709 (16.5%) of 5-year survivors ( Figure 2 ).
Rates of follow-up study assessment (by clinic, home visit, or telephone) in survivors who had entered the study at baseline were high at 947 in 1026 (92%), 857 in 958 (89%), 792 in 915 (87%), and 567 in 673 (84%) at 1, 6, 12 months, and 5 years ( Figure 1 ; Table 1 ). Assessments at 1, 6, 12 months, Table I in the online-only Data Supplement). Although clinical characteristics of assessed and nonassessed patients were generally similar at 1 month, nonassessed patients had more premorbid dependency and at 1 year, nonassessed patients had more previous stroke and more TIA. Most assessed patients were resident at home (Table 2) . Patients living in care homes, with relatives, or hospitalized at the time of assessment were older (86.1/6.7, 78.8/9.3, and 77.0/10.5 years) than those resident at home (72.4/11.5 years for 1-month assessment) and had had more severe index events and more pre-and postevent dementia ( Table 2; Table II in the online-only Data Supplement). Lack of study assessment was most often because the patient had moved away or did not attend despite the efforts of study staff to trace patients with relatively few patients declining de novo over the course of study follow-up (Table 2) .
Dementia developed in 260 patients during 5-year followup, of whom 110 (42%; n=50 primary care records, n=49 home visit, and n=11 telephone follow-up) had not been available for face-to-face clinic follow-up at the time of diagnosis. For the 50 dementia cases diagnosed indirectly through searching of primary care records, n=15 were diagnosed during year 0 to 1, n=11 during years 1 to 2, n=8 during years 2 to 3, n=6 during years 3 to 4, and n=10 during years 4 to 5. The 5-year (17) 13 (11) 17 (16) Numbers are n (%). De novo-patients who had been available for the previous study follow-up but who declined at this follow-up. N/A indicates not applicable.
*All patients were offered home visit at 6-mo follow-up. One-(black bars) and 5-year (grey bars) cumulative incidence of postevent dementia for the whole cohort, after exclusion of dementia cases found on primary care searches, after additional exclusion of those whose dementia diagnosis was made after a home visit or after telephone follow-up and after exclusion of all cases diagnosed other than at face-to-face study clinic. FU indicates follow-up.
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cumulative incidence of postevent dementia was therefore only 17% (14%-19%) in clinic-assessed patients compared with 45% (39%-51%) in nonclinic-assessed patients (P difference<0.001) and was 29% (26%-32%) for the cohort overall although differences were less marked at 1-year follow-up ( Figure 3 ).
Discussion
In our longitudinal study of >1200 patients with TIA and stroke from a defined population, selective attrition occurred because of death such that the proportion with major stroke dropped from nearly one third at baseline to less than one fifth by 5 years. In 260 postevent dementia cases diagnosed during 5-year follow-up, diagnosis was made in patients not assessed in the study clinic setting in >40% of cases. As a result, there was a substantial reduction in the measured dementia risk when those unavailable for face-to-face study clinic follow-up were excluded. Death was associated with older age, functional dependency, and poor cognition in keeping with previous longitudinal ageing studies 5, 6 and also, unsurprisingly, with severity of the initial cerebrovascular event. Because the factors associated with death are similar to those for stroke-related dementia, attrition from death may indirectly lead to underestimation of dementia if subjects die before dementia is ascertained. This can be mitigated, but probably not entirely removed, by shorter follow-up intervals or use of indirect follow-up through medical records.
Although older age, cognitive impairment, and severe illness have been associated with loss-to-follow-up in previous studies, as well as with baseline selection bias, 4 to 6 they were mitigated in our study by the use of multiple methods of follow-up to ascertain postevent dementia. Previous studies have shown that home visits and telephone follow-ups reduce attrition particularly among older people and those with greater illness burden, such as care home residents. 25, 26 Our study shows that this is also the case in the TIA and stroke population because exclusion of dementia cases ascertained by home visit or telephone resulted in a substantial fall in the measured dementia risk because the risk was several fold higher in care home residents and those living with relatives. Our findings also illustrate the important contribution of primary care records searches, which have not been extensively used in previous studies. Postevent dementia risk was reduced by one sixth after exclusion of those whose diagnosis was made using this method.
There are few previous longitudinal studies of cognition after stroke, and many have selection and attritional bias or no data on unavailable patients. 2, 3 In the hospital-based Columbia, New York study of dementia 3 months after stroke, inclusion of nonavailable patients (who had proportionately more major dominant hemispheric stroke and previous stroke) resulted in an estimated relative 11% increase in measured dementia risk. 7 Use of informant report may reduce selection and attrition, but lack of data may still be associated with dysphasia, incontinence, and older age. 27, 28 In the few longitudinal population-based studies of dementia after stroke, studies have been retrospective or of volunteer cohorts in which data were not provided for unavailable subjects.
2,3
Strengths of our study include the population-based design, documentation of reasons for unavailability, and handsearching of the entire primary care record for clinical details of unavailable patients. There are, however, some limitations to our study. Short cognitive tests have imperfect sensitivities and specificities for dementia diagnosed using formal clinical criteria, and the use of such tests in our study may have underestimated mild dementia or overestimated it, for example in subjects with low education. However, recent studies suggest that the mini-mental state examination is an acceptable approach for detecting multidomain cognitive impairment and dementia in this population and other large cohorts in whom lengthy assessments are impractical. 23, 29 Also, the method of dementia diagnosis was variable with a focus on short cognitive tests for study-assessed patients versus primary care record review for nontested patients in whom dementia diagnosis would have been made by a variety of physicians and methods (eg, geriatrician, neurologist, psychiatrist, primary care, and STP). However, differences in method of dementia diagnosis are unlikely to have explained the higher dementia risks in those without face-to-face assessment given evidence of under-recording of dementia in primary care in the United Kingdom. 30 Finally, the long interval of 4 years between later follow-ups may have meant that more patients were lost to study follow-up than would otherwise have been the case thereby exaggerating the importance of primary care data
In conclusion, selective attrition from death occurred on follow-up to 5 years and those with major stroke made up a small minority of 5-year survivors. Rates of follow-up in survivors were high, and assessed and nonassessed patients were similar because of provision of home visits and telephone follow-up. Indirect follow-up through hand-searching of primary care records further mitigated selective attrition. Future longitudinal studies should offer alternatives to study clinic attendance and should consider patient consent/assent to primary care/medical record follow-up. Data should be provided on nonavailable patients together with risk-factor adjusted estimation of probability of impairment in those not assessed.
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